ABSTRACT Tests that have the ability to predict injuries in various military and athletic populations are important because of the role they could play in primary prevention. Functional Movement Screen (FMS) and Y Balance Tests (YBT) may provide this prognostic ability. This study examined the association between injuries and age, physical characteristics, FMS, and upper and lower body YBTs among Coast Guard Maritime Security Response Team (MSRT) candidates. Thirty-one male Coast Guard Maritime Security Response Team candidates were administered the 7 FMS tests and lower-and upper-body YBTs before their intense 2-month training course. Age, height, weight, and body mass index were also obtained. Physical training-related injuries were recorded during the course. Injury incidence was 41%. Older age and lower scores on either FMS or the upper-body YBT were associated with higher injury risk. Performance of the lower-body YBT was not associated with injuiy risk. This is the first investigation showing that lower scores on the upper-body YBT were associated with higher injury risk and is in consonance with previous investi gations demonstrating associations between lower FMS scores and higher injury risk. Certain limitations need to be addressed. Future studies should determine if FMS and the YBTs have prognostic ability in other populations.
INTRODUCTION
The Maritime Security Response Team (MSRT) is a U. S. Coast Guard (USCG) tactical law enforcement unit whose mission is to provide a ready alert force to counter maritime threats either unilaterally or as part of an interagency task force. The MSRT is a scalable force that military com manders or other law enforcement agencies may request for short-notice deployments or planned security events to deter, protect against, and respond to threats of maritime terrorism and high-risk criminal law enforcement threats offshore or in port environments. USCG personnel who desire to become part of the MSRT undergo an intense 2-month training pro gram to become MSRT qualified. During MSRT qualification, candidates perform daily physical training that lasts approxi mately 1.5 to 2.0 hours each day. This physical training is associated with musculoskeletal injuries that are a major prob lem for the MSRT1 and the military population in general. 2, 3 These injuries result in loss of training time, reduced man power, and high medical costs. [1] [2] [3] Screening tools that might have the ability to predict injury in various athletic populations like the Functional Movement Screen (FMS) and the Y Balance Test (YBT) are increasing in popularity. 4 FMS identifies individuals that have functional limitations or asymmetries by examining the ability of the subject to perform very specific movements. 5, 6 It has shown some promise in predicting injuries in various military1,7 and athletic populations. 4, 8, 9 The YBT is a device that has a stance platform from which three pieces extend in the ante rior, posteromedial, and posterolateral directions, forming a "Y" shape. In the lower quarter YBT, the participant pushes the reach indicator with the foot of 1 limb, while the other foot remains stationary on the device, and the tester obtains the reach distance.10,11 The upper quarter YBT measures the ability of the subject to reach with the free hand while bearing weight on the contralateral upper limb.12 YBT has demon strated high intratester (0.85-0.89) and intertester reliability (0.97-1.00).10 One study found that asymmetry between right and left reach distances on the lower-body YBT were associ ated with higher injury risk in college Division I athletes. 13 This study was a prospective examination of the ability of FMS and the YBT to predict injuries during training of candi dates for the USCG MSRT. The association between injuries and age and physical characteristics was also explored.
METHODS

Study Design
This pilot study was a prospective cohort investigation exam ining the association between training-related injuries and age, physical characteristics, FMS, and upper and lower YBT. Participants were the entire 31 male MSRT candidates train ing at MSRT, Chesapeake (Chesapeake, Virginia). Volunteers were briefed about the objectives and risks of the study. Informed consent form was read and signed by the volunteers. Two candidates did not complete the study since they decided to return to their former job (no fault option). Institutional approval for the study was granted by the USCG Academy.
Maritime Security Response Team Training
MSRT physical training includes running, swimming and water confidence, calisthenics, strength training, obstacle course navigation, and loaded road marches, on a regular basis. Table I outlines the physical training program. Additional occupational training that requires physical activity included advanced marksmanship, movement in teams, maritime vessel boarding skills, close quarters combat, and breaching techniques. The last 3 weeks of the initial phase is conducted off-site (histor ically at Fort A.P. Hill, Bowling Green, Virginia), with can didates being challenged both mentally and physically.
P ro c e d u re s
Before starting MSRT training, age and physical characteris tics were obtained and all volunteers completed the FMS and an upper-and lower-body YBT. Date of birth was obtained from administrative unit records, and age was calculated at the date of the start of training. A Cadet Battalion Trainer measured body mass and height. Height was measured to the nearest centimeter using a stadiometer and weight was measured using a SECA platform scale (Chino, California). Body mass index (BMI) was calculated by dividing the sub ject's weight by the height squared (kg/m2). A physical therapist certified in FMS and YBT testing monitored the research staff during all examinations. In addi tion, the research staff was confirmed for interrater reliability by the physical therapist. A FMS and YBT scoring sheet was given to all participants. Participants carried the testing sheets throughout the testing session until it was collected at the end of testing for data entry. Candidates performed both tests in T-shirt, shorts, socks, and sneakers.
The seven FMS tests were administered with the FMS test kit.5'9 FMS included seven movements that required subjects to perform highly specific body movement patterns.6,14 Each test was scored on a 4-point ordinal scale (0-3). The seven movements (one score for each) were added together for a total score that could vary from 0 to 21. FMS tests were administered to candidates in a single session in accordance with the standard FMS criteria.6 The criterion for a success ful movement was demonstrated by the administrator before each test.
The YBT was administered with a commercially available device that formed a figure Y and had sliders on each arm of the Y (Move2Perform. Evansville, Indiana).1115 The move ments were demonstrated by the testers and subjects were provided with several practice trials until they could com fortably perform the test. Subjects were given three criterion trials, and the best performance was recorded. For lowerbody YBT measures, participants stood with one foot at the junction (center) of the three parts of the Y. While maintain ing balance without touching the ground, the participant pushed a bar on each of the three parts of the Y (anterior, posteromedial, and posterolateral), one part at a time. The right and left feet were tested separately. For the upper-body YBT measures, the participant assumed a push-up position with one arm on the center of the Y. With one arm, partici pants pushed out as far as possible on the three bars (one bar at a time) while maintaining balance and not touching the ground. The right and left arms were tested separately.15 '16 To normalize for limb length differences among subjects, YBT upper and lower maximized reach distance (MAXD) were calculated with the following formula: (excursion distance/limb length) x 100.11 Composite reach distance was calculated by taking the average distance in the three reach directions and dividing it by limb length and multiplying it by 100 ([average distance in the three directions/limb length] x 100).12 Upper limb length was measured by measuring the distance from the C7 spinous process to the most distal tip of the middle finger (in centimeters) with a measuring tape while the candidate had his limb abducted to shoulder height (90°). Lower limb length was measured from the anterosuperior iliac spine to the medial malleolus. 12 Participants started MSRT training after completing the measurements. Training-related injuries were recorded by a physical therapist and other health care providers who were directly involved in student care. Whenever an injury occurred, the injury diagnosis and anatomical location were recorded in an Excel database. A training-related injury was defined as any physical damage to the body that resulted in a clinic visit and that was suspected to have been caused by MSRT physical training.
Statistical Analysis
Descriptive statistics were calculated for physical characteris tics, total FMS scores, and total YBT scores. Injury incidence was calculated as the number of injured participants divided by the total number of participants. Age, height, body mass, BMI, and total FMS scores were separately divided into three approximately equal groups (tertiles). After normalizing for upper and lower limb lengths on the YBT (MAXD), each composite score was also separated into tertiles. The incidence of injuries in each tertile was calculated and chi-square statis tics were used to examine differences between tertiles. Linear trend tests were also applied to each comparison. Sensitivity and specificity were calculated from 2 x 2 contingency tables.17,18 Because of the smaller sample size, an alpha level of p < 0.10 was set to determine statistical significance. Statistical Package for the Social Sciences (Version 18; SPSS Inc., Chicago, Illinois) was used for the statistical analyses. Table II shows the descriptive statistics for age, physical characteristics, FMS, and the YBT. Because of fault option, two subjects did not perform the upper-body YBT.
RESULTS
Overall injury incidence during the 2-month training period was 41%. Table III shows the associations between injuries and age, physical characteristics, FMS, and the YBT. There was a trend indicating that candidates over 29 years old were more likely to get injured (p = 0.08). Height, weight, and BMI were not significantly associated with injuries (p > 0.05). A score of < 14 on the FMS test was associated with higher injury rate (<14 [ n -10] injured = 80.0%, >14 [ n = 21] injured = 23.8%, risk ratio = 3.36, 95% confidence inter val = 1.47-7.67, p = 0.01). Nonetheless, sensitivity was low: for 11 to 13 vs. 14 to 15, sensitivity was 40% and spec ificity 86%; for 11 to 13 vs. 16 to 18, sensitivity was 57% and specificity was 92%. Lower composite YBT upper-body measures on the right and left arms were also associated with higher injury risk (p = 0.03). Interestingly, however, no association was apparent for lower-body composite right and left YBT scores (p > 0.05).
DISCUSSION
This study demonstrated that lower FMS scores were associ ated with higher injury risk in candidates during MSRT training, but sensitivity was relatively low. In addition, lower scores on the upper-body composite YBT on the right and left were also associated with higher injury risk. On the other hand, no consistent relationship was observed for lower-body composite right and left YBT scores. There was also a linear trend indicating that older age increased injury risk.
FMS scores < 14 have been found to be associated with higher injury risk among firefighters,19 football players,5,9 Marine officer cadets,7 female collegiate athletes,8 and female coast guard cadets.1 This study is in consonance with these investigations even though the sample size was rela tively small. MSRT candidates with FMS scores <14 had over 5 times the risk of injury compared with those with scores >14.
Most upper-YBT research has focused on upper extrem ity mobility, limb asymmetries, and core stability.1215 Other research has concentrated on the reliability and the assessment of the upper YBT and gender differences in performance. 16 Most recently, Smith et al13 investigated the association between lower-body YBT and injuries in college athletes and found that anterior asymmetry >4 cm was asso ciated with increased risk of noncontact injury. Given that no previous investigation has examined the association between upper-body YBT and injury risk, this study was the first to provide evidence that MSRT candidates with lower composite upper right distances had higher injury risk than those with longer reach distances. Participants with shorter distances may have a lack of flexibility or less ability to use muscular activity to stabilize their body during movement. Because of our lower sample size, it is difficult to define a possible YBT "cut point" where injury risk might be higher, as with the FMS test. Nevertheless, our limited data suggest that risk progressively increases with shorter reach distances. Future studies with larger sample sizes may help determine whether there is a "high-risk" cut point or if there is a dose response, as suggested here. This study showed no apparent trend for lower-body MAXD composite right and left YBT scores. In contrast to our findings, Plisky et al20 showed that leg injuries were 6.5 times more likely to occur in girls with a composite reach distance <94% of their limb length using the Star Excursion Balance Test. The Star Excursion Balance Test includes eight reach directions and it is time consuming to administer. The YBT is a more efficient screening tool with a standard ized protocol and high interrater and intrarater reliability. 21 The discrepancy between the findings of Plisky et al20 and this study may be partly because of the nondifferentiation of injury site. Plisky et al20 examined associations between lower-extremity injuries and lower-extremity reach scores; this study examined injuries as a whole relative to both upper-and lower-extremity reach scores. However, when we examined lower-body injuries separately, there were no sys tematic relationships between injuries and any of the YBT directions, although the number of lower-body injuries was small. In addition, Plisky et al20 identified multiple factors (flexibility, range of motion, muscle strength, etc.) that influ ence reach distance, all of which were not independently accounted for in this study and may lend at least a partial explanation for the lack of an association with the lowerextremity composite scores.
This study showed a trend indicating that older candidates were at higher injury risk than younger candidates. This is in consonance with other investigations that also show that older individuals are at higher injury risk compared to youn ger individuals when they perform similar activities.22-23 The reason for the higher susceptibility to injury in older individ uals may link to age-related changes in stem cells (i.e., satel lite cells), declines in fitness, and/or prior injury history. 26 The ability of resident stem cells to initiate and conduct tissue repair declines with age. [26] [27] [28] This could make older individuals more susceptible to overuse-type injuries, in which small microtraumas accumulate over time and repair in the older tissue does not keep pace with these repeated microtraumas. With regard to fitness, aging results in a loss of muscle mass, muscle strength, muscular endurance, aerobic capacity, and flexibility.29 30 The loss of aerobic capacity and muscular endurance can begin as early as age 25.30 These age-related changes reduce absolute fitness levels and may make injuries more likely since lower fitness has been shown to be consistently related to injury.22'31'32 With regard to prior injuries, it is possible that older individuals may be more likely to have experienced prior injuries that may make them more susceptible to future injuries. In many stud ies, prior injuries have been shown to be a risk factor for new injuries.31'33-36
CONCLUSION
Lost training time because of physical training injuries is costly to the military. This study confirmed that FMS < 14 can identify groups at higher injury risk in MSRT training in consonance with studies in other active populations. Because of the relatively low sensitivity and specificity, FMS may not be appropriate for individual prediction. In addition, upperbody YBT appears to be a promising screening tool for predicting higher injury risk. No trend was observed for the composite lower-body YBT tests. Identification of those at higher injury risk the first step in developing strategies to reduce risk, save training time and man power, and reduce the cost of health care. Our study is one of the first that attempted to test the upper YBT as a prognostic in assessing injury risk. Future studies should include larger sample sizes, involve different military/athletic populations, and include women to more adequately determine the efficacy of the YBT as a screening tool for injury risk.
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